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Abstract Although there is a great deal of evidence to
show that supplementary feeding by humans in terres-
trial environments causes pronounced changes in the
distribution and behaviour of wild animals, at present
very little is known about the potential for such effects
on marine fish. This study evaluated the consequences of
feeding by snorkellers on fish assemblages in the no-take
area of the Ustica Island marine protected area (MPA;
western Mediterranean) by (1) determining if reef fish
assemblage structure is affected in space and time by
tourists feeding the fish; (2) assessing the effects of
feeding on the abundance of the most common fish
species; and (3) assessing the effects of feeding on the size
structure of the two most numerically dominant ones. In
particular, we hypothesised that both the abundance
and the size structure of some fish species would increase
at the study site following supplementary feeding, since
the additional food provided by humans would make
the site more appealing to them. Fish feeding influenced
the fish assemblages within the Ustica MPA, and sig-
nificant spatio-temporal changes occurred. While fish
feeding appeared to have no effect on the ornate wrasse
Thalassoma pavo, there was a noticeable increase in the
number of Oblada melanura and Epinephelus marginatus
in the impacted location after feeding. It is very likely
that aggregations of fishes that evolve as a result of fish
feeding by the public may have negative effects on local
populations of fishes and invertebrates that make up

their prey. Recreational use of coastal areas and MPAs
is increasing elsewhere, making fish feeding a generalised
human activity. Accurate information about its effect on
the fish assemblage is essential to make responsible
management decisions.

Introduction

In the last few decades, a large body of literature has
been produced on the effects that fishing bans inside
marine protected areas (MPAs) have had on the abun-
dance and size structure of fish assemblages (Garcia-
Rubies and Zabala 1990; Polunin and Roberts 1993;
Harmelin et al. 1995; Russ and Alcala 1996; Wantiez
et al. 1997; Edgar and Barrett 1999; Willis et al. 2003).
There is increasing evidence that, as well as target pop-
ulations, other species may be indirectly affected
through a cascade of trophic interactions (McClanahan
1994, 1995; Sala and Zabala 1996; Sala et al. 1998;
Babcock et al. 1999; Pinnegar et al. 2000; Shears and
Babcock 2002, 2003).

It has recently been demonstrated that the imple-
mentation of protection measures can make a marine
area more attractive to tourists (Badalamenti et al.
2000). This has provided a great impetus to study the
potential harm that visitors to MPAs around the world
may cause (Davis and Tisdell 1995; Sala et al. 1996;
Eckrich and Holmquist 2000; see Milazzo et al. 2002 for
a review). The results of these studies have led to wide-
spread concern that, when intensive and unregulated,
human recreational activities may play a part in modi-
fying marine ecosystems and their living organisms
(Harriot et al. 1997; Creed and Amado-Filho 1999;
Eckrich and Holmquist 2000).

Most of the research carried out on the effects of
tourist activities within MPAs has focused on human
trampling, scuba diving, and boat anchoring (Milazzo
et al. 2002 and references therein). The biological
consequences (e.g. changes in fish distribution and
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behaviour) of fish feeding by tourists has received very
little attention (Cole 1994; Sweatman 1996; Hawkins
et al. 1999), despite the fact that in terrestrial parks the
impact of animal feeding is deemed to be important
(Huestis 1951a, 1951b; Robinson and Cowan 1954;
McDougal 1980; Manski et al. 1981; Manski 1982;
Walpole 2001).

Studies carried out in both tropical and temperate
waters have demonstrated that feeding can alter fish
behaviour towards humans (Cole 1994; Sweatman
1996), with fishes actively following divers and snorkel-
lers. It has also been suggested that when fish are fed,
their behaviour towards humans may become aggressive
(Perrine 1989; Quinn and Kojis 1990).

Fish density, size structure, and behaviour of three
large carnivorous species have been analysed in a marine
reserve in north-eastern New Zealand where fish feeding
by humans was regularly carried out (Cole 1994). There
were no significant differences in fish density at a number
of locations within the reserve (i.e. feeding sites vs
no-feeding sites). However, individuals of the most
abundant species, the snapper Pagrus auratus, were
larger in areas where feeding activity generally occurred
(Cole 1994). Moreover, it was only in these areas that
the macrocarnivores P. auratus and Parapercis colias
showed positive reactions to the presence of divers (e.g.
diver-oriented behaviour), while no differences at all
were detected in the behaviour of Cheilodactylus spect-
abilis (Cole 1994), which feeds on small invertebrates.
Another study carried out in the Bonaire marine park
(Dutch Antilles) suggested that differences in fish density
between dived sites (where fishes are regularly fed by
dive guides) and reserve sites (where there is no feeding
activity) were mainly due to habitat characteristics (e.g.
differences in coral cover and structural complexity)
rather than to supplementary feeding by humans
(Hawkins et al. 1999).

In the Mediterranean sea, both public (i.e. policy and
tourism) and research interest in MPAs are rapidly
growing (Juanes 2001). Fish feeding—widely practised
in many Mediterranean MPAs since they were first
established—is a powerful tourist attraction (e.g. Medes
Island, Spain; Lavezzi, France; La Maddalena Archi-
pelago and the Island of Ustica, Italy; S. Riggio, per-
sonal communication), yet the biological consequences
of this activity on fish assemblages have never been
investigated (Milazzo et al. 2002).

The Ustica marine reserve is one among the few real
functioning MPAs in Italy and was one of the first to be
established in the Mediterranean Sea (Badalamenti et al.
2000). With the main objective of increasing visitor
awareness of marine wildlife, since 1991 the MPA
management has organised guided snorkelling tours in a
small area of the integral reserve (no-take area), where
human access is restricted. During these twice-daily
visits, snorkellers can feed fishes with frozen cephalo-
pods and shrimps provided by the MPA staff. In addi-
tion, several times a day a large number of visitors feed
the fish bread in the same location (M. Milazzo, per-
sonal observation).

The objectives of this study were to evaluate the
potential consequences of feeding by snorkellers on fish
assemblages in the no-take area of the Ustica MPA by
(1) determining if reef fish assemblage structure is
affected in space and time by tourists feeding the fish, (2)
assessing the effects of feeding on the abundance of the
most common fish species, and (3) assessing the effects of
feeding on the size structure of the two most numerically
dominant ones: Thalassoma pavo and Oblada melanura.
In particular, we hypothesised that both the abundance
and the size structure of some fish species would increase
at the study site following supplementary feeding, since
the additional food provided by humans would make
the site more appealing to them.

Fig. 1 The zones of the Ustica marine
protected area and sampling locations
within the no-take area of the reserve. I
Impacted location. C1 and C2 Control
locations
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Materials and methods

Study area

Ustica is a small volcanic island situated 36 miles off the
north-west coast of Sicily (southern Tyrrhenian Sea,
Italy; 10�43¢43¢¢E, 38�42¢20¢¢N). Its marine reserve is a
protected area, destined for biodiversity conservation
and educational and research activities. Established in
1986 and effectively running since 1991, it is divided into
three zones with different levels of protection (Fig. 1).
Zone A (about 60 ha), in the western part of the island,
is a no-take area (or integral reserve) where only scien-
tific research is permitted. Tourist swimming is restricted
to two bays at the southernmost (Cala Acquario) and
northernmost limits (Cala Sidoti) of the integral reserve
(Fig. 1).

Local commercial fishing is permitted in zone B
(about 8,000 ha, stretching along both sides of zone A)
and zone C (about 8,000 ha, in the southern part of the
island from E–NE to SW) only. There are no restrictions
on recreational activities (i.e. SCUBA diving, boat
anchoring, swimming, and angling) in these zones. The
MPA management (Ustica Town Council) has recently
banned spear fishing in all parts of the island.

Fish feeding occurs from late June to early Septem-
ber, around a basaltic outcrop at Cala Sidoti (I; Fig. 1).
Two similar outcrops within the integral reserve were
selected as control locations (no impact): Sbarramento
(C1), and Cala Acquario (C2), which are about 400 m
and 800 m from Cala Sidoti, respectively (Fig. 1).
Control locations were selected as far as possible from
each other within the logistic limitations of the study
area (Underwood 1993). The integral reserve is too small
for selecting proper controls at larger distances. In the
other zones of the MPA, in fact, fishing restrictions are
different and this could cause experimental confounding.

Each outcrop extends about 100 m2 and rises up to
the surface from a 5-m-depth flat basaltic sea bottom. In
these locations the seascape is characterised by a narrow
sublittoral fringe dominated by brown algae (Cystoseira
spp.), which ends up in a homogeneous coralline barrens
habitat.

Sampling procedures

Visual census techniques were used for sampling. Two
sampling surveys (i.e. times) were carried out in each
location, before and after seasonal fish feeding by
tourists (i.e. periods). This was necessary to demonstrate
that potential temporal trends are not caused by short-
term fluctuations. Three replicates were performed for
each time (e.g. late May/June and October 2000). A total
of 36 independent censuses were carried out. Each rep-
licate was gathered on a different day to achieve inde-
pendence of data (Stewart-Oaten et al. 1986) and to be
sure that potential fish aggregations, as a result of diver

positive behaviour (Cole 1994; Sweatman 1996), do not
confound the results.

Due to the particular morphology and structure of
the study sites (i.e. basaltic outcrops surrounded by
extensive barren platforms), we adopted a circular
transect technique (Jennings et al. 2001) to estimate fish
density and species composition. This technique could
be considered a modified version of the standard linear
transect method (Brock 1954; Harmelin-Vivien et al.
1985). Similar approaches have been adopted in partic-
ular case studies (Sale and Douglas 1981 and references
therein) involving the analysis of fish assemblages asso-
ciated with topographically distinct features, such as
artificial reefs (Russell et al. 1974; D’Anna et al. 1999;
Relini et al. 2002), fish attracting devices (FADs;
D’Anna et al. 1999), or isolated natural patch reefs
(Williams 1980; but see Sale and Douglas 1981).

Fish counts were performed by a diver swimming a
circle of 10 m radius from the centre of each outcrop.
The transect was 60 m long and 5 m wide (300 m2). The
diver covered the area in 10 min corresponding to an
average rate of coverage of 30 m2 min�1, which is con-
sidered a fast swimming rate for Mediterranean fish
assemblage assessment (De Girolamo and Mazzoldi
2001). This avoided biases due to diver-oriented behav-
iour of fishes (Cole 1994), potentially interfering with the
density estimates. All transects were carried out at
depths of 2–5 m on basaltic platforms of homogeneous
coralline barren.

Fish size was assessed as reported in Garcia-Rubies
(1999). Estimated sizes were grouped into size classes
and the mean size of each class was taken for subsequent
data analysis.

Experimental design and data analysis

A potential impact on the fish assemblage structure was
checked by means of a beyond-BACI (before-after-
control-impact) experimental design (Underwood 1992,
1993, 1994). The factors involved were: location (L),
fixed, with three levels, one impact (I) and two controls
(C); period (BA), fixed, with two levels, before (B) and
after (A); time (T), random, nested in BA, with two
levels.

The damselfish Chromis chromis—very common in
Mediterranean shallow rocky assemblages (Reñones
et al. 1997; La Mesa and Vacchi 1999)—was not in-
cluded in the species data set, as the considerable shift in
its spatial distribution during the reproductive season
could have biased the analysis. One of the sampling
periods (before feeding) coincided with its reproductive
season (i.e. from May to August; Verginella et al. 2000),
when adults move towards the spawning–nesting areas,
remaining there to patrol the nests until the eggs hatch
(Verginella et al. 1999). For the rest of the year, they
aggregate in large schools in the water column (Fishel-
son 1998).
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An asymmetrical non-parametric multivariate anal-
yses of variance (NP-MANOVA) based on Bray–Curtis
dissimilarities was used to test for differences both
before and after feeding and differences in the short
temporal variability on the whole fish assemblage.
Canonical analysis on principal coordinates (CAP) was
performed to visualise the impact pattern in the fish
assemblage data set (Anderson and Willis 2003).

In addition, NP-ANOVAs were performed on the
abundances of single species that occurred in more than
ten samples. For these tests, P-values were calculated
after 4,999 permutations under the reduced models
(Anderson 2001). A significance level of 0.1 was selected,
following the rationale for environmental impact
assessment described in Underwood (1997). Homoge-
neity of variances was tested by Cochran’s C test.

Data were transformed as y¢=(y+1)½ to avoid
over-dominance of the most abundant species (Clarke
and Warwick 1994; Legendre and Legendre 1998), to
centre the means of the abundance intervals (Garcı́a
Charton and Pérez Ruzafa 1998), and to attain homo-
geneity of variances (Snedecor and Cochran 1989).

The above analyses were performed using CAP11 and
DISTLM2 (Anderson 2003) and GMAV 5.0 (University
of Sydney) software.

The size structure of the two most numerically
dominant species was analysed using the Kolmogorov–
Smirnov two-sample test (Sokal and Rohlf 1981). This
analysis was performed on these two species since only
their high abundances in the study site make reliable
comparisons possible (La Mesa and Vacchi 1999).

Results

Effects of feeding on fish assemblage

There were 19 fish species belonging to six families
recorded in the study area. At all locations, there was a
marked dominance of the Labridae (8 species) and
Sparidae (5 species) in the fish assemblages.

The mean abundance of fish species in the three
sampling locations over time (i.e. before and after
feeding) is reported in Table 1. Twelve of the 19 species
were constantly present. Chromis chromis, Thalassoma
pavo, and Oblada melanura were the most abundant
species in both sampling periods (Table 1).

Epinephelus marginatus, Spondyliosoma cantharus,
and Labrus merula were recorded at almost all sampling
locations, although in limited numbers. Diplodus spp.,
the labrid Symphodus rostratus, and Muraena helena
were only occasionally seen. Red mullet Mullus surmul-
etus juveniles were found at all locations only before
feeding by the public (Table 1).

A significant effect of feeding activity on the multi-
variate fish assemblage was detected by the NP-MA-
NOVA (P=0.017; Table 2). The observed differences
coincided with visitor disturbance, since impact was
detected in the largest temporal scale (before vs after),
whereas no variations in the short term (i.e. sampling
times) were revealed (Table 2).

The permutation tests computed via CAP showed a
significant effect of both location (d2=0.347; P=0.0196)

Table 1 Mean (±SD) abundance (as number of individuals in 300 m2) of fish species censused within impacted (I) and control (C1, C2)
locations, before and after feeding by the public. Data were pooled across surveys within locations

Fish species Before After

C1 C2 I C1 C2 I

Muraenidae
Muraena helena – – 0.2±0.4 – – –

Pomacentridae
Chromis chromis 7.8±9.3 20.3±15.8 8.2±6 28.3±26.2 150.8±66.7 91.8±35.8

Serranidae
Epinephelus marginatus 0.5±0.5 0.7±0.5 – 1.2±1.2 0.5±0.5 1.3±1.2
Serranus cabrilla 1±0.6 2.5±1.4 2.2±1.2 1.8±0.8 1.3±1 1.2±0.8
S. scriba 4.8±1.5 4.3±2.4 4.5±1.8 2.2±0.8 2.5±1 1.8±1.2

Sparidae
Diplodus annularis 0.5±1.2 – 0.8±1 – – –
D. sargus – – 0.2± 0.4 – – –
D. vulgaris – – – – 0.8±2 –
Oblada melanura 6.2±4.7 9.2±3.5 10.3±3.1 2.7±1.2 2.8±2.1 27.2±8.4
Spondilyosoma cantharus 0.5±0.8 0.8±1 1.2±1 0.5±0.8 0.3±0.5 0.8±1

Mullidae
Mullus surmuletus 2.2±1.9 1.3±2.8 1.5±1.6 – – –

Labridae
Coris julis 3.8±2.8 3.8±2.1 4±3.3 0.8±0.8 1.5±1.4 1±1.1
Labrus merula 0.7±0.5 0.8±1 0.3±0.5 0.5±0.5 0.3±0.5 0.2±0.4
Symphodus mediterraneus 2.7±0.8 2.5±1.9 1.3±1.5 1.8±1.2 1.8±1.3 1.3±1.5
S. ocellatus 4.2±2.1 3.5±1.9 2.3±1.4 2.2±1.3 3.7±2.4 2±2.7
S. roissali 2±2 1.5±0.8 2±2 1±0.6 1.2±1.2 1±1.1
S. rostratus – – – – 0.3±0.8 –
S. tinca 4.5±0.8 5.5±2.1 4.8±1.6 3±1.1 2.7±1 3.8±1.5
Thalassoma pavo 46.2±8.3 50.8±8 52.7±25.2 52.8±15.5 40.5±9.6 54.2±8.8
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and period (d2=0.5026; P=0.0002; Table 3), with the
canonical axes corresponding to these two main effects
clearly separating assemblages in the plot (Fig. 2).
Before feeding, the fish assemblages in impacted and
control locations (open symbols) grouped close together,
whereas in the period after feeding (black symbols), the
fish assemblage in the impacted location (black circles)
was well separated from control samples (black triangles
and quadrates; Fig. 2).

The correlations of individual species with the
canonical axis corresponding to the ‘location effect’ (I
vs Cs) are shown in Table 4, where a positive corre-
lation indicates an association with impact and a
negative correlation indicates an association with
controls. The species mostly associated with the im-
pacted location was Oblada melanura. The ornate
wrasse Thalassoma pavo and the dusky grouper Epi-
nephelus marginatus also exhibited a correlation with
impact (Table 4).

The correlations of individual species with the
canonical axis corresponding to the ‘period effect’ (be-
fore vs after) indicated that many species were associated
with the period before (Table 5). Only E. marginatus
showed a negative correlation indicating an association
with the period after (Table 5).

Among the individual species considered for further
analyses, the abundance of O. melanura (P=0.0002) and

E. marginatus (P=0.064) showed a significant response
to disturbance; no statistical evidence was recorded for
the remaining species (Table 2).

Table 3 Permutation tests performed via canonical analysis on
principal coordinates (CAP) to explore the effects of fish feeding
between locations (impact vs controls) and periods (before vs
after).%Var Percentage of the total variation explained by the first

m principal coordinates axes. Allocation success Percentage of
points correctly allocated into each group.d2 Squared canonical
correlation coefficient

Fig. 2 Constrained ordination plot obtained by canonical analysis
on principal coordinates (CAP) on the fish assemblage abundances
after square root transformation. Open symbols represent samples
in the period before (B), and black symbols correspond to samples
in the period after (A). Quadrates indicate samples from control 1
(C1), triangles samples from control 2 (C2), and circles samples
from the impacted location (I).

Table 2 NP-MANOVA on the abundance of the whole fish
assemblage and NP-ANOVAs on the abundance of single species
recorded in more than ten samples. Mean squares used to construct
the pseudo-F ratios are noted as headers of the corresponding

columns. P-values were computed after 4,999 permutations under
reduced models, and significant results are noted in bold. T
Time;BA period; L location; Res residuals;C control location; I
impacted location

Variable Cochran’s
C test

T(BA)·L/Res BA·C/T(BA)·C BA·I/Res

C P Pseudo-F Permutation p Pseudo-F Permutation p Pseudo-F Permutation p

Whole fish assemblage 0.7992 0.7554 0.8422 0.5756 2.4212 0.017
Coris julis 0.2792 n.s. 0.3889 0.8116 4.7770 0.1574 0.0012 0.9698
Epinephelus marginatus 0.2935 n.s. 1.9478 0.1344 0.4877 0.5616 3.8289 0.064
Labrus merula 0.1111 n.s. 0.8888 0.4816 0.4 0.5932 0.2029 0.6512
Mullus surmuletus 0.4378 <0.05 0.4067 0.8144 2.3852 0.265 0.0090 0.9254
Oblada melanura 0.1804 n.s. 1.8864 0.1512 0.9145 0.435 38.7548 0.0002
Serranus cabrilla 0.1997 n.s. 1.8084 0.1586 2.5709 0.2512 1.3549 0.264
S. scriba 0.2924 n.s. 0.8415 0.518 0.4441 0.572 0.3689 0.5564
Spondyliosoma cantharus 0.1433 n.s. 0.6888 0.6166 0.4346 0.5672 0.0242 0.8746
Symphodus mediterraneus 0.2297 n.s. 0.6996 0.6008 0.0500 0.845 0.5107 0.4722
S. ocellatus 0.2958 n.s. 0.2915 0.8764 4.6175 0.1696 0.0353 0.8454
S. roissali 0.2197 n.s. 0.4113 0.803 0.2149 0.6878 0.0714 0.7826
S. tinca 0.1806 n.s. 0.2099 0.9296 3.3984 0.2108 1.5961 0.2146
Thalassoma pavo 0.4329 <0.05 1.6284 0.193 1.7053 0.3266 0.3407 0.5688

Factor m % Var Allocation success (%) d2 P

Group 1 Group 2 Total

Location 5 66.66 70.83 58.33 66.67 0.3470 0.0196
Period 3 86.11 83.33 88.89 86.11 0.5026 0.0002
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Effects of feeding on size structure of the ornate
wrasse and the saddled bream

There was very little variation in size class distribution of
ornate wrasse Thalassoma pavo between different loca-
tions. Overall, small fishes (i.e. class I, 6–9 cm) were
more abundant than medium-sized fishes (class II, 10–
13 cm), and there was always a lower number of large
fishes (class III, 14–17 cm; Fig. 3). No differences were
detected in size distributions between impacted and
control locations sampled before and after feeding
(Table 6).

A greater number of larger saddled bream Oblada
melanura individuals (especially those belonging to 20–
24, 25–29, and 30–35 size classes) after feeding is clearly
evident (Fig. 4). This was confirmed with Kolmogorov–
Smirnov analysis (Table 7). Size distribution differs
significantly between C1 and both C2 and I, in the
period before feeding (Table 7). This is because smaller
fishes are present at C1 prior to feeding (Fig. 4). After
feeding, the larger fishes are found at I, which signifi-
cantly differs from both C1 and C2. Moreover, the
saddled bream individuals censused in the impacted
location after feeding are notably larger than those
recorded in the same location in the period before
feeding (Table 7).

Discussion and conclusions

We found the species composition of the shallow water
fish assemblage of the integral zone of the Ustica MPA
to be similar to that reported in previous research con-
ducted in the same area (La Mesa and Vacchi 1999) and
in other Mediterranean MPAs (Garcia-Rubies and Za-
bala 1990; Harmelin et al. 1995).

Feeding influences the fish assemblage within the
Ustica MPA, and considerable changes occur within a
spatio-temporal scale of hundreds of meters and
months. Periods before and after feeding are clearly
separated in the constrained ordination plot. Slight dif-
ferences in fish assemblage before and after feeding in
the control locations can be attributed to normal sea-
sonal variation within the integral reserve (La Mesa and
Vacchi 1999). The separation of the impacted location in
the period after feeding, however, depends on changes in
the abundance of Oblada melanura primarily, and sec-
ondarily of ornate wrasse Thalassoma pavo and dusky
grouper Epinephelus marginatus as revealed by the cor-
relation coefficients.

Table 4 Correlation coefficients for individual fish species
(|r|>0.25) with the canonical axis 1. Species abundances were
transformed to square roots. A positive correlation indicates
association with impacted location, and a negative correlation
indicates association mostly with control locations. Species occur-
ring in fewer than ten observations were not included

Species Positive
correlation

Negative
correlation

Oblada melanura 0.9080
Thalassoma pavo 0.3220
Epinephelus marginatus 0.2681
Serranus scriba �0.3073
Symphodus ocellatus �0.3937
Labrus merula �0.4174
Symphodus mediterraneus �0.4334

Table 5 Correlation coefficients for individual fish species
(|r|>0.25) with the canonical axis 2. Species abundances were
transformed to square roots. A positive correlation indicates
association with the before period, and a negative correlation
indicates association mostly with the after period. Species occurring
in fewer than ten observations were not included

Species Positive
correlation

Negative
correlation

Mullus surmuletus 0.7731
Serranus scriba 0.7555
Coris julis 0.6899
Serranus cabrilla 0.3741
Symphodus roissali 0.3177
Labrus merula 0.2864
Epinephelus marginatus �0.5298

Fig. 3 Size-class distribution of Thalassoma pavo at all sampling
locations. White and black bars indicate the number of individuals
within each size class censused before and after feeding by visitors,
respectively. Data from different times were all grouped together.
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Univariate analyses on abundance and size distribu-
tion somewhat confirm these results. The ornate wrasse
appeared to be unaffected by fish feeding, since no sig-
nificant differences in abundance and size distribution
were detected between locations before or after feeding.
It is possible that the Thalassoma pavo population in
Ustica is habitat limited rather than food limited;
therefore the surplus of food available in the impacted
location does not affect its distribution.

In contrast, the density of O. melanura and E. mar-
ginatus individuals in the impacted location increased
significantly after feeding. This could reasonably be
attributed to human intervention, as no such changes in
the pattern of differences before or after feeding
occurred in the controls. This result is probably due
solely to changes in the distribution of these species, as
overall densities at this location show little temporal
variability (La Mesa and Vacchi 1999). In particular, we
observed a slight decrease in the mean abundance of
O. melanura between the two sampling periods (before
and after feeding) within the control locations, where
average abundance dropped from 6.2±4.7 to 2.7±1.2
individuals in C1 and from 9.2±3.5 to 2.8±2.1 indi-
viduals in C2.

This suggests that, at least on a spatial scale of hun-
dreds of metres, fish feeding can attract saddled bream
and dusky grouper in the impacted location, producing
larger aggregations.

Bohnsack (1996) suggested that distribution can
change when fish are attracted to or aggregated by a
man-made structure (i.e. artificial reefs and FADs) and
thus vacate adjacent areas. Similarly, feeding by humans
can—at least for some species such as O. melanura and
E. marginatus—lead to a temporary (i.e. short-term)
reshuffling of individuals within an area, with a higher
concentration in the feeding site. Previous research car-
ried out within zone A of the Ustica Island emphasised a
behavioural change of the dusky grouper in terms of
spatial distribution and this was related to the recovery
of original habitats (i.e. shallower) in the absence of

Fig. 4 Size-class distribution of Oblada melanura at all sampling
locations. White and black bars indicate the number of individuals
within each size class censused before and after feeding by visitors,
respectively. Data from different times were all grouped together.

Table 6 Kolmogorov–Smirnov test on Thalassoma pavo size distributions between impacted (I) and control (C1,C2) locations sampled
before (B) and after (A) feeding by public;n.s. not significant

Mean size (TL in cm) SD Number Max. negative difference Max. positive difference P

BC1 8.973 2.186 277
BC2 8.825 2.097 305
BI 8.994 2.141 348
AC1 8.938 2.123 317
AC2 9.064 2.210 243
AI 9.026 2.185 325
BC1 vs BI �0.012 0.007 n.s.
BC1 vs BC2 0.000 0.031 n.s.
BC2 vs BI �0.043 0.000 n.s.
BC1 vs AC1 0.000 0.007 n.s.
BC2 vs AC2 �0.053 0.000 n.s.
BI vs AI �0.005 0.000 n.s.
AC1 vs AC2 �0.024 0.000 n.s.
AC1 vs AI �0.016 0.000 n.s.
AC2 vs AI 0.000 0.007 n.s.
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fishing activity (La Mesa et al. 2002). In our case, the
MPA visitor activity may have facilitated this process.

The impacted location therefore proves to be a more
suitable patch (i.e. because of supplementary food pro-
vided by visitors) for saddled bream and dusky grouper
and, as a result, their abundances increase there. This
was first highlighted in terrestrial parks (see Walpole
2001 and references therein), where artificial means (i.e.
providing supplementary feeding and drinking water, or
pumping water to enhance herbivore density) have often
been used to attract wildlife to areas where they can be
easily observed by visitors (Potts et al. 1996).

The Kolmogorov–Smirnov test gave controversial
results. Data showed, however, that one month after
feeding ceased, very large individuals of O. melanura
(belonging to the 30–35 cm size class especially) were
extremely abundant in the feeding site. Similarly, in
north-east New Zealand larger individuals of another
sparid species (the snapper Pagrus auratus) were
recorded as a result of fish feeding by MPA visitors
(Cole 1994). On Ustica, La Mesa and Vacchi (1999)
investigated the length distribution of Oblada melanura
in the whole island between 1994 and 1997 and reported
that larger specimens were found at Cala Sidoti (integral
reserve). However, their findings could have been influ-
enced by the fact that fish feeding had been going on at
Cala Sidoti since 1991, attracting and resulting in the
redistribution of some species and of bigger individuals,
as in the case of O. melanura.

Ecological consequences could rise from the non-
natural aggregations of predator species that result from
human disturbance (Sutherland 1996). For example, the
changes recorded on the dusky grouper E. marginatus, a
top-level predator, may play an important role in the
whole shallow ecosystem (Parrish 1987).

Negative feedback forms, like interference and
depletion, could affect local populations of invertebrate
and fish species, both predators and prey. Fighting,

kleptoparasitism, and prey disturbance are common
forms of interference that occur amongst vertebrates
(Gross-Custard 1980) as consumer density increases.
Although such patterns have still to be clearly demon-
strated in the marine environment (Sweatman 1996), it is
likely that in impacted locations the increased number of
individuals of certain species, like O. melanura and E.
marginatus, may affect at least the abundance of their
preys.

An increase in the density of these predators could, in
the long term, lead to a decrease in the number of other
fish species, as a result of direct competition for food.
Increase in number of consumers can also lead to habitat
changes due to the removal, up to depletion, of certain
prey species (Babcock et al. 1999; Willis and Anderson
2003) and to the increase of excretions, which might
modify habitat features (Mazzola et al. 1999). It is also
possible that fish feeding could have the opposite effect,
by releasing prey species from predation. In a short
period of time (e.g. summer period), it is possible that
supplementary feeding might decrease the predation rate
on prey populations. Moreover, after being fed by hu-
mans, fish may show some behavioural deficits (Olla
et al. 1994) that make them easier to be caught outside
the no-take zone.

Since fish feeding is becoming increasingly popular in
several MPAs, further investigation into the direct and
indirect consequences of this recreational activity is
urgently required. Due to this lack of information, there
is still much controversy over the issue (Sweatman 1996).
Some MPA management bodies argue that fish feeding
can be used to re-channel detrimental recreational
pursuits (e.g. snorkelling and scuba diving) away from
vulnerable sites. While some MPAs have banned the
activity altogether (e.g. Saba marine park in the Dutch
Antilles, Leigh marine reserve in New Zealand and Ras
Mohammed marine park in Egypt; Hawkins et al. 1999;
T. Willis, personal communication), others have based

Table 7 Kolmogorov–Smirnov test on Oblada melanura size distributions between impacted (I) and control (C1,C2) locations sampled
before (B) and after (A) feeding by public

Mean size
(TL in cm)

SD Number Max. negative
difference

Max. positive
difference

P

BC1 18.95 3.70 37
BC2 23.00 5.85 55
BI 21.95 7.36 62
AC1 13.88 6.08 16
AC2 19.76 6.11 17
AI 25.87 8.30 163
BC1 vs BI �0.344 0.096 **
BC1 vs BC2 �0.337 0.000 *
BC2 vs BI �0.050 0.204 n.s.
BC1 vs AC1 0.000 0.375 n.s.
BC2 vs AC2 �0.025 0.357 n.s.
BI vs AI �0.267 0.080 **
AC1 vs AC2 �0.463 0.000 n.s.
AC1 vs AI �0.638 0.000 ***
AC2 vs AI �0.462 0.080 **

n.s. not significant; * P<0.05; **P<0.01; *** P<0.001
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their policy and legislation on animal feeding in terres-
trial parks (e.g. the Great Barrier Reef Marine Park), on
which there is more documentation (H. Sweatman,
personal communication).

At Ustica Island, the management goals of the MPA
should be explicitly stated. If it is desired only to pro-
mote marine conservation to the public, activities such
as fish feeding may be regarded as desirable. However,
this activity causes evident biological alterations that
may reduce the effectiveness of the reserve for scientific
purposes.
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